ABBREVIATIONS ASA = American Society of Anesthesiologists Physical Classification System; AUC = area under the curve; LOS = length of stay; NRS = numeric rating scale; ODI = Oswestry Disability Index; QOD = Quality and Outcomes Database; ROC = receiver operating characteristic. SUBMITTED August 9, 2016 OBJECTIVE Extended hospital length of stay (LOS), unplanned hospital readmission, and need for inpatient rehabilitation after elective spine surgery contribute significantly to the variation in surgical health care costs. As novel payment models shift the risk of cost overruns from payers to providers, understanding patient-level risk of LOS, readmission, and inpatient rehabilitation is critical. The authors set out to develop a grading scale that effectively stratifies risk of these costly events after elective surgery for degenerative lumbar pathologies. METHODS The Quality and Outcomes Database (QOD) registry prospectively enrolls patients undergoing surgery for degenerative lumbar spine disease. This registry was queried for patients who had undergone elective 1-to 3-level lumbar surgery for degenerative spine pathology. The association between preoperative patient variables and extended postoperative hospital LOS (LOS ≥ 7 days), discharge status (inpatient facility vs home), and 90-day hospital readmission was assessed using stepwise multivariate logistic regression. The Carolina-Semmes grading scale was constructed using the independent predictors for LOS (0-12 points), discharge to inpatient facility (0-18 points), and 90-day readmission (0-6 points), and its performance was assessed using the QOD data set. The performance of the grading scale was then confirmed separately after using it in 2 separate neurosurgery practice sites (Carolina Neurosurgery & Spine Associates [CNSA] and Semmes Murphey Clinic). RESULTS A total of 6921 patients were analyzed. Overall, 290 (4.2%) patients required extended LOS, 654 (9.4%) required inpatient facility care/rehabilitation on hospital discharge, and 474 (6.8%) were readmitted to the hospital within 90 days postdischarge. Variables that remained as independently associated with these unplanned events in multivariate analysis included age ≥ 70 years, American Society of Anesthesiologists Physical Classification System class > III, Oswestry Disability Index score ≥ 70, diabetes, Medicare/Medicaid, nonindependent ambulation, and fusion. Increasing point totals in the Carolina-Semmes scale effectively stratified the incidence of extended LOS, discharge to facility, and readmission in a stepwise fashion in both the aggregate QOD data set and when subsequently applied to the CNSA/ Semmes Murphey practice groups. CONCLUSIONS The authors introduce the Carolina-Semmes grading scale that effectively stratifies the risk of prolonged hospital stay, need for postdischarge inpatient facility care, and 90-day hospital readmission for patients undergoing first-time elective 1-to 3-level degenerative lumbar spine surgery. This grading scale may be helpful in identifying patients who may require additional resource utilization within a global period after surgery.
T he costs associated with spine surgery are increasing exponentially. In an attempt to curb increasing expenditures, the Centers for Medicare and Medicaid Service, private insurers, and other health care purchasers have initiated several cost containment and quality improvement measures. 5, 9, 37 Perhaps the most common among these novel payment and quality improvement programs is capitated bundled care contracting for spine surgery and other health care services. These contracts require hospitals and their physicians to "bundle" facility and professional charges for necessary care throughout a defined longitudinal episode of care, and to assume all risk of cost/utilization overruns. In these emerging reimbursement models, patient safety outliers, low quality of care, and health care utilization overruns are events that represent financial risk to the physician and hospital alike, a risk once held exclusively by the payer.
Extended length of hospital stay (LOS), 8, 43, 44 need for inpatient rehabilitation at the time of discharge, and unplanned hospital readmission are significant contributors to the variation in surgical health care costs after elective spine surgery. [2] [3] [4] 7, 19, 33, 42, 45, 46 Costs associated with each additional day in the hospital average approximately $1000. 47 Post-acute care facilities costs can exceed $10,000 per patient in routine cases. Hospital readmission rates range from 2.5% to 10%, resulting in Medicare expenditures of $17.8 billion a year. 35 Even a small proportion of patients experiencing expensive, unanticipated outcomes in bundled payment programs can consume a large percentage of a service line's capitated revenue. Therefore, in order for capitated or bundled payment models to be financially sustainable for hospitals and surgeons alike, providers must be able to stratify the risk of unplanned events at the individual patient level up front. Such risk assessment is essential in defining whether individual patients should be included in specific bundled services, or when allocating preventative resources to address modifiable factors in "high-risk" patients. For obvious reasons, such information is essential when negotiating more complex bundled payments that are tiered per patient risk profile.
To date, there has been no comprehensive, prospective analysis of patient data with the primary intent of understanding the factors associated with increased risk of hospital LOS, need for inpatient rehabilitation, and hospital readmission after lumbar spine surgery. We set out to develop a grading scale that effectively stratifies risk of these costly events after elective surgery for degenerative lumbar pathologies.
Methods

Patient Population
The Quality and Outcomes Database (QOD) is a prospective patient-reported outcomes registry that enrolls patients undergoing elective spine surgery from 74 hospitals in 26 US states via representative sampling. 5, 6, 31 Reasons for exclusion from the database are spinal infection, tumor, fracture, traumatic dislocation, deformity, pseudarthrosis, recurrent multilevel stenosis, and neurological paralysis due to preexisting spinal disease or injury, age younger than 18 years, and incarceration. For the purposes of this study, patients with a diagnosis of deformity or disc herniation were excluded. Patients undergoing 1-to 3-level lumbar surgery for stenosis, spondylolisthesis, symptomatic mechanical disc collapse, or revision surgery, including recurrent same-level disc herniation and adjacent-segment disease, were eligible for inclusion. Furthermore, to capture all information relevant to the outcomes in question, only cases that had complete data for LOS, hospital readmission, and discharge location were included.
Measures
Patient demographic characteristics, including age, body mass index, sex, race, education level, insurance, and existing comorbidities, were prospectively collected for each patient enrolled in the registry. Additional preoperative patient data included clinical presentation, diagnosis, perioperative medical care, and spine surgery complications. Patient-reported outcomes were collected using standard-of-care outcomes questionnaires across all sites and included the back and leg pain numeric rating scale (NRS), 28 the Oswestry Disability Index (ODI), 18 and the EQ-5D. 17 Patient-level risk variables outlined in the data collection for this project were extended LOS (≥ 7 days), discharge status (inpatient facility vs home), and 90-day hospital readmission. We used the upper limit of the previously reported range (3-7 days) to define the extended hospital LOS. 21, 39, 40, 48 HIPAA (Health Insurance Portability and Accountability Act)-trained data coordinators/extractors at each site entered data through a secure password-protected web-based portal (REDCap [Research Electronic Data Capture]) into a national aggregate database. 23 Data completeness and accuracy were assessed via automated and manual methods at the Vanderbilt Institute for Medicine and Public Health. Diagnostic accuracy was maintained through periodic surgeon-led self-audits that sought to correlate entered data with radiographic and clinical records. The accuracy of diagnosis and treatment variables was confirmed via medical record audit.
5
The prospectively collected QOD observational registry records of patient baseline demographics, surgical data, 30-day morbidity, and 3-and 12-month patient-reported outcomes were queried and analyzed in March 2016.
Statistical Analysis
The mean (SD) or median (interquartile range [IQR]) for continuous variables and frequency for categorical variables were computed. Stepwise multivariate logistic regression was used to identify significant preoperative patient, disease, and treatment factors that were independently associated with the 3 outcome variables: extended LOS, discharge status, and 90-day hospital readmission. To derive the Carolina-Semmes grading scale, the values of the resulting odds ratio, rounded to the nearest whole number for each logistic regression, were used to determine the number of points assigned to a given significant predictor. For development, the grading scale was applied to the outcomes data set provided by the 74 QOD hospital centers to determine if increasing point totals effectively stratified an increasing risk of events. For validation, the grading scale was then applied to Carolina Neurosurgery & Spine Associates and Semmes Murphey Clinic QOD outcomes data sets collected from 2010 to 2015. Receiver operating characteristic (ROC) curve analysis was used to examine the sensitivity and specificity of the binary classification outcomes. The area under the curve (AUC) is reported as a comparison with a probability of 0.50. The statistical package, SPSS (version 23, IBM) was used to analyze the data. A p value of < 0.05 was considered statistically significant.
Results
Of a total of 13,987 patients undergoing elective spine surgery for degenerative lumbar disease, 5407 patients were excluded due to excluded diagnosis; 1229 were excluded due to missing outcome measures including LOS, discharge, and 90-day readmission; 430 patients were excluded due to missing predictor variables. Therefore, 6921 patients met the inclusion criteria and were further analyzed. Table 1 summarizes the demographics of the study cohort. Overall, 290 (4.2%) patients required extended LOS, 654 (9.4%) required inpatient facility care/rehabilitation facility on hospital discharge, and 474 (6.8%) 90-day hospital readmission.
In a stepwise multivariable logistic regression analyses, variables that were independently associated with the extended LOS were age ≥ 70 years, ODI score ≥ 70, American Society of Anesthesiologists (ASA) Physical Classification System class > III, diabetes, preoperative assisted ambulation, and fusion ( Table 2 ). Variables that were independently associated with the need for inpatient facility care/rehabilitation at hospital discharge included age ≥ 70 years, ODI ≥ 70, ASA class > III, Medicare/Medicaid insurance, diabetes, preoperative assisted ambulation, and fusion ( Table 3 ). Variables that were independently associated with the 90-day hospital readmission included ODI score ≥ 70, ASA class > III, Medicare/Medicaid insurance, and preoperative assisted ambulation ( Table 4) .
The values of the resulting odds ratio for each logistic regression were used to determine the number of points assigned to a given significant predictor. The CarolinaSemmes grading scale was constructed using the significant independent predictors for LOS (0-12 points), discharge to inpatient facility (0-18 points), and 90-day readmission (0-6 points) ( Table 5) .
The Carolina-Semmes scale effectively stratified the incidence of extended LOS, discharge to facility, and readmission in the overall QOD data set (Figs. 1-3 ). For the risk of requiring an extended LOS longer than 7 days, Grade 0-3 patients had very little (2.4%) likelihood of (Fig. 1) . For risk of requiring discharge to a rehabilitation facility, Grade 0-4 patients had very little (2.5%) incidence; Grade 5-12 patients, moderate (12%) incidence; and Grade 13-18 patients had a significant (65%) incidence (Fig. 2) . Similarly, for risk of hospital readmission, Grade 0-2 patients had very little (6.2%) incidence; Grade 3-4 patients, moderate (13%) incidence; and Grade 5-6 patients had a significant (25%) incidence (Fig. 3) .
To determine the validity of the grading scale, it was applied to patients from the Carolina Neurosurgery & Spine Associates and Semmes Murphey Clinic undergoing 1-to 3-level surgery for QOD diagnoses. In these practice groups, the grading scale effectively stratified the risk of each event (Fig. 4) .
The AUC of the ROC curve analysis for each outcome variable of interest was examined to compare the predictability of the grading scale against a 50/50 probability. The AUC for extended LOS was 0.686 (p < 0.001), for discharge to facility it was 0.731 (p < 0.001), and for 90-day readmission it was 0.583 (p < 0.001).
Discussion
As payment models shift the risk of cost-of-care overruns from payers to providers, understanding patient-level risk of LOS, readmission, and inpatient rehabilitation is critically important. Here, we introduce a novel grading scale (the Carolina-Semmes grading scale) that effectively stratifies the risk of prolonged LOS, need for postdischarge inpatient facility care, and 90-day hospital readmissions utilizing multicenter prospectively collected patient care data. Age ≥ 70 years, ASA class > III, back-related disability (ODI) ≥ 70, diabetes, Medicare/Medicaid, lack of independent ambulation, and fusion were independent risk factors for these unplanned events after elective spine surgery. By incorporating these preoperative risk factors in our predictive model, the Carolina-Semmes grading scale effectively stratified the risk of these unplanned events when applied to the development data set from 74 hospital systems. Furthermore, when applied to 2 separate neurosurgical practices for validation, the CarolinaSemmes scale again effectively stratified risk of extended LOS, readmission, and inpatient rehabilitation. As these events substantially contribute to increased costs of care, this novel scale may be used to understand financial risk when various patient populations are considered for inclusion in value-based or capitated payment models for elective spine surgery.
The risk factors identified in our study and supporting the Carolina-Semmes Scale are consistent with those previously reported in the literature to date. Various investigators have reported that advanced age is associated with a higher likelihood of comorbidities, complications, and longer recovery times following surgery, resulting in increased rehabilitation and skilled nursing needs postoperatively. 13, 14 In our analysis, advanced age was associated with higher odds of extended hospital LOS and need for inpatient rehabilitation. Similarly, Deyo et al. 15 demonstrated that the risk discharge to an inpatient facility increased 4.2 times for every 10-year increment in age.
Few prior studies have reported the association between old age and readmission. Wang et al. 46 queried the Medicare claims database and found 30-day readmission rates of 7.9% for cervical surgery and 7.3% for lumbar surgery. Factors found to be associated with a higher risk of readmission in their analysis were older age, more comorbidities, dual eligibility for Medicare/Medicaid, and a greater number of fused levels. Given that the Medicare population by definition represents an older cohort, data from this source may have limited generalizability. Kim et al. 27 reviewed the NSQIP (National Surgical Quality Improvement Program) database for patients undergoing lumbar decompression and found a 4.4% rate of readmission. Older age was not a significant predictor of readmission in their analysis. Similarly, in our analysis utilizing prospectively collected multicenter registry data, older age was not an important predictor of 90-day readmission.
Several prior studies conducted on patients undergoing hip and knee arthroplasty identified that the presence of medical comorbidities is a key factor associated with longer hospital stay, complications, and discharge to rehabilitation facility and readmission. 12, 16, 24, 29, 34 ASA class is a method commonly used to describe preoperative global health and comorbidity status. In our analysis, the patients with comorbidities (ASA class > III and patients with diabetes) were more likely to have an extended LOS and need a longer recovery time, requiring discharge to inpatient rehabilitation or a skilled nursing facility. As an example, patients with diabetes might have a longer wound recovery time and require greater postdischarge needs as they continue to recover. 8, 20, 22 Patients with a preoperative nonambulatory status and those who are ambulatory with an assistive device have greater needs for rehabilitation and longer recovery time than patients who are ambulatory preoperatively. 1, 10, 11, 30 Preoperative ambulatory status accurately reflects the severity of disability in most patients with spinal disorders. Theoretically, patients unable to walk independently will have higher ODI scores (i.e., worse disability). Indeed, in our analysis the patients with higher baseline ODI scores were more likely to have extended LOS, need for discharge to a rehabilitation facility, and experience 90-day readmission. Analogous to our findings, Kannan et al., 25 in a retrospective study of 339 patients undergoing lumbar laminectomy, reported that worse preoperative functional status is associated with longer LOS and a higher probability of being discharged to inpatient rehabilitation.
Patients undergoing fusion surgery versus laminectomy alone are more likely to have extended LOS and need for rehabilitation. Increased surgical invasiveness and complexity increases postoperative recovery time and need for assistance with inpatient rehabilitation. 15, 25, 32 Interestingly, patients undergoing fusion versus decompression alone did not have a higher risk of 90-day readmission. Therefore, fusion appears to result in increased health care resource utilization related to inpatient resource utilization and longer recovery, but it does not seem to generate increased costs related to risk for 90-day readmission.
Consistent with previous studies, we found that the patients with Medicare/Medicaid insurance had a higher risk of postoperative unplanned events compared with those with private insurance.
The proposed Carolina-Semmes grading scale is intended to prospectively identify "high-risk" patients requiring surgery, so that appropriate interventions can be instituted preoperatively and immediately postoperatively to help reduce the incidence of unplanned events. Patients with higher comorbidities (ASA class > III), a history of diabetes, higher baseline disability (ODI score ≥ 70), nonindependent ambulation, nonprivate insurance, elderly (age ≥ 70 years), and patients undergoing fusion had a higher likelihood of having these unplanned events after elective surgery for degenerative lumbar diagnosis. Each of these factors has an additive effect on increased odds of having the adverse events. The patients with lower grades on the Carolina-Semmes grading scale are less likely to have any adverse events, and those with higher grades are more likely to have adverse events. The risk for each adverse event can be graded separately using the same tool (Figs. 1-3 and Table 5 ). Surgeons can use these factors to have a discussion with patients regarding the risk of having these unplanned events. Analyses such as these can also allow hospitals and surgeons to risk-stratify their practices to allow for more appropriate third-party evaluations of patient outcomes. Furthermore, understanding and accurately predicting which patients may require additional resource utilization within a global period after surgery may help facilitate the creation and implementation of risk-adjusted bundled payment systems that would more fairly compensate surgeons and hospitals for advanced services. Otherwise, hospitals and providers operating under bundled or capitated payment models may be incentivized to avoid risk, hindering patient's access to much-needed surgical care. Regular use of such a predictive tool can lead to more informed decision making when discussing treatment options and expectations with patients.
Limitations
Due to the limited sample size for each diagnosis, the patients with different diagnoses and procedures were pooled together into one model. The analyses would be more helpful if they were stratified by diagnosis and/or procedure. As more patients are enrolled, separate analyses for each diagnosis as well as for fusion versus nonfusion procedures can be conducted. Nonetheless, all attempts were made to account for the heterogeneity of the patient population. All baseline and surgery variables including fusion versus nonfusion were included in the model. Therefore, the reported odds ratios are adjusted for all the aforementioned variables, meaning for 2 patients with similar preoperative variables, comorbidities, and surgery variables, patients with an ODI score ≥ 70 will have a higher odds of the adverse events. An intrinsic limitation of predictive model-based analysis is the number of variables that are inputted into the model. Our models for extended LOS, need for rehabilitation, and 90-day readmission were adjusted for an array of patient-specific and surgery-specific factors; however, several other factors, including family support, marital status, and socioeconomic status, that may influence the unplanned events examined here are not collected in the registry and hence were not included in the models. 26, 36, 38, 41 The model was adjusted for race, educational level, and occupation, which partly accounts for patients' social status.
Despite the limitations inherent in the existing data, we have been able to construct a robust predictive model and novel grading scale to risk-stratify patients based on their probability of extended LOS, discharge to inpatient rehabilitation facility, and 90-day readmission, utilizing prospectively collected patient data from 74 centers in 26 states across the country. The primary advantage of welldesigned registries from a scientific perspective relates to their strong validity, which is achieved through an inclusive design that seeks to evaluate heterogeneous populations. As a result, the observed outcomes from multisite national registry analyses are often more representative of what is achieved in real-world practice and can more reliably be generalized to broader patient populations than other prospective data collection tools such as randomized controlled trials (which are characterized by narrow inclusion criteria). Hence, the performance of this risk-stratifying grading scale was easily reproducible when applied to 2 individual centers in this study.
Conclusions
For patients undergoing first-time elective 1-to 3-level degenerative lumbar spine surgery, we introduce the Carolina-Semmes grading scale that effectively stratifies risk of prolonged hospital stay, need for postdischarge inpatient facility care, and 90-day hospital readmission. This grading scale may be helpful for identifying the patients who may require additional resource utilization within a global period after surgery. 
